Iron and Steels is one of the top three major imports of Nepal. Based on the fact that Nepal has large amount of mineral resources, it is important to explore and exploit them rationally. This research paper is carried out to estimate the iron ore reserve of the iron ore deposits of Pokhari in Nawalparasi which was recently discovered by Department of Mines and Geology (DMG), Nepal. In this research work, the technical and financial assessment of hematite (iron ore) extraction of iron deposits of Pokhari, taking an area of one square kilometre, has been carried out. The tonnage of iron ore and the overburden (which is quartzite and slate in this case) were estimated considering the mining process to be open cast mining using vertical cross-section method. The depth of hematite zone is taken as 100 m. The iron ore to over-burden (waste) ratio was 1:3.36. The financial analysis was done on the basis of extraction of 3600 metric tons of iron ore per day and 8,64,000 metric tons annually. The return on investment (ROI) is 34%. Thus, the research work indicates that the extraction of large amount of iron ore of Pokhari area is economical and it is a beneficial project.
Introduction
Iron (Fe) is the principal metal which is used extensively in infrastructure development works, and to manufacture heavy machinery equipment, arms and agricultural tools. Iron ores like magnetite, hematite, limonite/goethite occurrences/ prospects/ deposits are known to exist in more than 85 localities. Some of these ores were extensively mined and smelted in different parts of Nepal for 150 years till 1951 (2007 BS) but none of these mines are in operation since then. The well-known iron ore deposits are Phulchoki (Lalitpur), Thoshe (Ramechhap), LabdiKhola (Tanahun), Jirbang (Chitwan), Dhauwadi -Pokhari (Nawalparasi), Dhuwakot (Parbat), Bhedikhor and Lukarban (Baglung), Purchaundi/ Lamunigad (Bitadi), Dahabagar, Kachali, and Ekghar/ Khanigaon (Bajhang). Among the above mentioned mines of iron, the exploration work is being carried out at Dhauwadi-Pokhari (Nawalparasi).
The area is accessible by road and lies west of Kathmandu. Daldale Bazar is a market place in East-West Highway, from where a dust road of about 24 km runs north linking Dhauwadi. Similarly, from Chormara in the East-West Highway, a dust road of about 23 km links Pokhari through Jhyalbas. The rest of the area can only be accessed on foot (Fig.1 ).
Jacem
Technical And Financial Assessment Of Hematite (Iron Ore) Extraction From Iron Deposits Of Pokhari Area, Nawalparasi Figure 1 : Accessibility to the Hematite deposit areas [1] Block A lies in Topo sheet No. 100-09 (within Coordinates UTM of 3069000m to 3071500m North and 505500m to 510500m East) and Block B lies in Topo sheets 100-09 and 100-10 (within Coordinate UTM of 3070000m to 3072500m North, and 510500m to 515500m East). Both the areas extend for 5 km in east west direction and 2.5 km for north-south direction, each covering an area of 12.5 km 2 , with a total of 25km 2 . Here, Block A refers to Dhawadi and Block B refers to Pokhari of Nawalparasi district. [1] 
2.
Research Methodology
Data Collection
The study assessed a large scale iron ore production from Pokhari iron ore deposit. The annual run-ofmine production per year is 8,64,000 tons. Facilities for the project were identified and their cost estimates were obtained from equipment fabricators and suppliers. The topo-geological map with the cross-section lines of hematite deposit (iron ore) of Pokhari area, Nawalparasi is one the baseline document collected from DMG. The strike length for each cross-section lines and percentage of hematite in hematite zone (which is 60%) are obtained from DMG.
Estimation of Reserve (Iron Ore) by Vertical Cross-Section Method
A geological cross-section is a graphical representation of the intersection of the geological bodies in the sub-surface with a vertical plane of a certain orientation. It is a section of the terrain where the different types of rocks, their constitution and internal structure and the geometric relationship between them are represented. It is an approximate model of the real distribution of the rocks in depth, consistent with the information available on the surface and the sub-surface. It can also represent the extension of the materials of the structures that have been eroded above the topographic surface.
The cross-sections are an indispensable complement of the geological maps; maps and cross-sections are fruit of the interpretation of the arrangement of the rocks using diverse types of data normally incomplete and with different degrees of uncertainty. Both are bi-dimensional representations of the geological reality and jointly allow us to understand the tri-dimensional structure of the rocky volumes and, in consequence, the geological history of a zone.
In vertical cross-section method, following steps are followed for the generation of geological crosssection and hence for the calculation of reserves (iron ore):
i. The length of vertical plane of the perpendicular orientation to the alignment of the rock is taken along the x-axis. ii.
The elevation of topo-geological map is taken along the y-axis. iii.
The point of intersection of elevation and the length of the vertical plane of topo-geological map is plotted on the graph. iv.
The plotted points are joined together by the free line. v.
By the help of topo-geological map, the different sections (zones) are separated. The depth of hematite zone is taken to be 100 m for the generation of geological cross-section.
Since there are eight cross-section lines (vertical planes) along the topo-geological map of hematite deposit of Pokhari area, eight geological cross-sections are made and their respective cross-section areas of hematite zone are calculated by using above method in AutoCAD software.
After the calculation of the cross-section area of hematite zone, it is then multiplied with the strike length (which is different for different geological cross-sections) to get the volume of the hematite zone.
Volume of the zone = Cross-sectional area x Strike length
Now, this volume is multiplied with the specific gravity of the rock (which is 4 for the hematite zone in this case) to get the tonnage of the hematite zone (in tons).
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Since the percentage of hematite (iron ore) in hematite zone is not 100 % (which is 60% in this case), to get the actual reserve (iron ore), the obtained tonnage of the ore is multiplied by 0.6.
Estimation of Over-burden (Waste)
Since this research work of mining is assumed to be carried by open cast mining, the production of waste will be more. For the calculation of the over-burden, the following steps are undertaken: The similar bench structure is drawn along the lower boundary of hematite zone. iv.
The cross-sectional area of the over-burden between the slope line and the upper boundary of hematite zone is calculated. v.
The cross-sectional area of the bench structure opposite to the hematite zone is calculated. vi.
The cross-sectional area of the bench structure along the hematite zone is calculated. vii.
The sum of the cross-sectional areas of (iv), (v) and (vi) is calculated. viii.
The sum of the cross-sectional areas of (vii) is then multiplied with the respective strike length to get the volume of the total over-burden. ix.
The volume obtained in (viii) is added to the volume of the waste of the hematite zone (which is 40% of the zone) to get the final volume of the total waste. x.
This volume is then multiplied with the specific gravity of the waste (which is 2.7 in this case) to get the tonnage of the total waste that can be generated in the process of mining.
Financial Analysis
The financial analysis has been carried out based on the following assumptions:
i. Annual production of iron is 8,64,000 tons at the rate of 3,600 tons per day. ii.
The mine runs for 240 days (8 months) in a year. a) Working shift in a day = 1 shift b) Working hour in a shift = 8 hours c) Effective working days in a month = 20-25 days d) Effective working months in a year = 8 months (240 days after considering holidays,festivals, rainy season) iii.
Cost estimation are based on prevalent market price or taken as consideration with the similar mining industry. iv.
Iron ore production cost up to mine stockyard has been estimated. The transportation of iron from stockyard to the market will be done in contract basis.
v.
The relevant facilities and tax relaxation will be made on heavy machineries and equipment. vi.
The average grade of the iron ore is 40%.
Estimation of the cost of extracted iron ore per ton
The cost of extracted iron ore per ton is calculated by dividing the annual operating cost by the annual iron ore production.
Cost of extracted iron ore per ton = Annual operating cost / Annual iron ore production Jacem Technical And Financial Assessment Of Hematite (Iron Ore) Extraction From Iron Deposits Of Pokhari Area, Nawalparasi The data given in table 3 shows the important parameters required for the process of mining. Land acquisition and compensation, access road construction, site development, buildings for office, workshop and laboratory, construction of stock yard and dump yard, construction of siltation pond, power supply and arrangements, communication, furniture and fixtures, and office equipments are pre-requisites of mining. One should be able to develop all these infrastructures before exploitation of mines. Report writing containing the mining schemes and the plan, and licensing fee (tender) are pre-requirements before taking down the developments of the infrastructures of the mining.
Results and Discussions

Financial Analysis
Mine Machinery
In lakhs (NRs.)
S. No. Equipment Description Capacity Units Quantity
Unit Prices
Total Cost The contingency taken for the given project is 5%. Hence, the total fixed capital investment is NRs. 21,037.8 lakhs.
Annual Operating Cost
The annual operating cost is divided into fixed operating cost and variable operating cost.
Fixed Operating Cost
The fixed operating cost consists of the following costs: The rate of insurance of mine machinery is taken as 2%.
Land Renewal charges
S.No. Particular Amount (NRs.)
1 Renew 5,00,000
The land renewal charges per year is NRs. 5,00,000 as per DMG.
Salary and Wages
The personnel employed in mines is divided into two divisions: corporate division of mines and production division of mines. The salary and wages of persons calculated is of 13 months except that of labours employed on the monthly basis. The benefits is also given to the employees which is 15% of their annual salary. Hence, the total fixed operating cost is NRs. 17,11,48,000.
S.No. Corporate Division of Mines
Variable Operating Cost
The variable operating cost consists of the following costs: The rate of maintenance for the mining machinery is taken as 5% whereas that for road and civil works is taken as 2%. The haulage and track maintenance is necessary as during the course of mining its condition gets deteriorated.
Explosive Cost
S.No. Description Unit
Quantity Unit Rate (NRs.) Amount (NRs.)
1 Explosive Ton 1,260 71,500 9,00,90,000
The cost for explosive is calculated on the basis that one ton of explosive produces 3000 tons of ore and the cost for one ton of explosive is NRs. 71,500. 
Production
Estimation of Cost of Production
Annual Operating Cost (NRs.) 58,39,84,400
Annual Production (tons) 8,64,000
Cost of Production (NRs. Per ton) 676
The cost of iron ore extracted per ton is NRs. 676.
Annual Sales Realization
Sales Price (NRs. Per ton) 1,500
Annual Sales Realization (NRs.) 1,29,60,00,000
The annual sales realization of iron ore is NRs. 1,29,60,00,000.
Profitability Analysis
Cost of Production (NRs. Per ton) 676
Sale Price (NRs. Per ton) 1,500
Profit gained (NRs. Per ton) 824
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The profit gained after the sale of one ton of iron ore is NRs. 824 and the annual profit after sales of iron ore is NRs. 71,19,36,000.
Return on Investment (ROI)
Total Capital Investment (NRs.) 2,10,37,80,000
Annual Profit (NRs.) 71,19,36,000
Return on Investment (%) 34
The return on investment is 34% of the total capital investment.
Payback Period (PB)
Payback Period (Years) 3
The payback period is 3 years, which indicates the high profitability of the project.
Conclusion
• The total iron ore reserve is estimated to be 26.053447 million tons.
• The total waste (over-burden) is estimated to be 87.5967015 million tons.
• The total fixed capital investment is NRs. 21,037.8 lakhs.
• The annual operating cost is NRs. 58,39,84,400.
• The cost of iron ore extracted per ton is NRs. 676.
• The annual sales realization of iron ore is NRs. 1,29,60,00,000.
• The profit gained after the sale of one ton of iron ore is NRs. 824 and the annual profit after sales of iron ore is NRs. 71,19,36,000. • The return on investment is 34% of the total capital investment.
• The payback period is 3 years which indicates the high profitability of the project.
